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1、 从 Navier-Stokes 方程出发，运用流体运动学中的系统法和控制体积
法，连续性假定以及 Boussinesq 近似得到不可压缩流体的控制方程，
差分网格用 Arakawa-C 格式，该模式对粘性扩散项用 2次中央差分，
时间方向的积分离散用 forward-backward scheme 法建立三维潮流数





























    In order to develop and utilize the ocean, solve the actual project question such 
as the engineering construction, the resources development, the route scour, the 
reduction of the city and the industry pollution and so on, we first must understand its 
hydrodynamic condition. The numerical simulation is an effective and economical 
method. 
The main task of this dissertation is to establish a three-dimensional numerical 
tidal model based on the three-dimensional tidal governing equations.  
1. The three-dimensional unconstringent hydro-control- equations for 
tidal flow are derived from the Navier-Stokes equations based on static 
pressure assumption, successional assumption and Boussinesq 
Approaching . The model is based on the Arakawa-C method, and 
forward-backward scheme has been used. The model is more accurate 
and efficient than Euler scheme.  
2. A numerical experiment concerned with the 3-D unsteady flow in a 
rectangular channel driven by tidal forcing at the open boundary has 
been done. By comparing the result with the analytical solution, the 
accuracy of the model has been verified. 
3. The tidal flow around Xiamen Bay has been simulated and discussed. 
The accuracy of the model has been verified further. 
4. Simulated W velocity of flow of direction of Z, and find seasonal 
movement of W velocity of flow. 
5. discuss the water body’s movement using Lagrange particle analytical 
method. 
The simulative result tally with the actual survey situation, and has successfully 
simulated the tidal flow field w  direction slight structural change. 
 



















第一章 绪论.................................................... 7 
第一节 研究意义...................................................7 
第二节 厦门湾概况 .................................................7 
第三节 以往厦门湾潮流数值模拟回顾 ...................................9 
第四节 本文的研究工作.............................................10 
第二章 潮流运动的研究 ........................................ 11 
第一节 潮流运动的研究方法 .........................................11 
第二节 潮流模型研究现状 ..........................................11 
第三节 数值计算方法简介 ..........................................13 
第三章 三维潮流数值模型 ....................................... 16 
第一节 三维潮流模型..............................................16 
第二节 三维潮流数值模型 ..........................................18 
第三节 控制方程的差分格式 ........................................20 
第四节  涡动粘性系数确定 ..........................................21 
第五节 模型计算程序结构 ..........................................21 
第四章 数值实验............................................... 24 
第一节 实验模型..................................................24 
第二节 计算结果及分析.............................................25 





















































Table of contenst 
Abstract(Chinese)...............................................5 
Abstract(English) .............................................. 6 
Chapter 1  Introduction ........................................ 7 
Section 1. Study significance.......................................7 
Section 2. General situation of Xiamen Bay ...........................7 
Section 3. Review tidal models of Xiamen Bay..........................9 
Section 4. Contents of paper.......................................10 
Chapter 2 Study of tide ...................................... 11 
Section 1. Study methods of tide ...................................11 
Section 2. Sctuality of tide mode ..................................11 
Section 3. Brief introduction of calculational methods ................13 
Chapter 3  Three-dimensional tide model ....................... 16 
Section 1. Constitution of three-dimensional tide model ...............16 
Section 2. Constitution of three-dimensional tide numerical model.......18 
Section 3. Difference format of control equation .....................20 
Section 4. Establishment of turbinal coefficient .....................21 
Section 5. Configuration of program.................................21 
Chapter 4  Numerical experimentation .......................... 24 
Section 1. Experimental model......................................24 
Section 2. Analysis of result......................................25 
















Section 1.  Area and preferences ...................................33 
Section 2.  Observation ...........................................33 
Section 3.  Simulation............................................34 
Section 4.  Result ...............................................35 
Chapter 6  Conclusions ........................................ 86 
References .................................................... 87 

























































































































































































































































































格地确定涡粘性系数和扩散系数。以 Princeton 大学 Mellor 教授为首的海洋动力环境数
值模拟小组从 80 年代开始致力于三维实质模拟的开发与应用研究，开发了 POM
（Princeton Ocean Model）。该模型在垂直方向采用σ坐标系，在水平方向上则采用正
交曲线坐标系及 Arakawa C 差分网格。为了提高计算效率，POM 采用了模态分离法，将带
自由面的三维流动问题分成表面波的传播问题（外模态）和内波的传播问题（内模态）。
汉堡大学海洋研究所 Jan Bachhaus 及其同事开发了三维斜压陆架海洋模型 HAMSOM































利用 Vincenzo Casulli 法实现了了厦门附近海域潮流场的
模拟, 窦振兴
[34]















































似表达式运用 Taylor 级数展开导出，根据差分格式的不同，可分为： 
(1) 显示差分法 
每计算一个时间步长 tΔ ，求解变量都由上一时刻的值计算得到，通常将控制方程中
的时间偏导数项用前差离散。在 ( 1)n t+ Δ 时刻，对运动方程作线性化处理，对控制方程中
的空间偏导数用显示离散。显示差分格式易于离散，但为了计算稳定，时间步长必须满
足 CFL（Courant-Fridrich-Lewy）稳定条件。 
(2) ADI 法 
1955 年，Peaceman-Rachford 和 Douglas 提出的一种用于求解二维问题的特殊分步
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